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AMENDMENT UNDER 37 C.F Jl. § 1 . 1 14(C) i 
U.S. APPLN. NO. 09/462.740 

REMARKS 

Reconsideration is respectfully requested in view of Applicants' amendments and 
remarks submitted herewith, along with a 1.132 Declaration by Dr. Shigehisa, a co-inventor, 
with literature refwence attached thereto. 

With respect to the final rejection dated September 24, 2002, Applicants have the 
following comments. 

With respect to the Sequence Compliance paragraph at the middle of page 2, Applicants 
have amended pages 14-15 of the application to include on page 14 the sequence identifier 
numbers for the two sequences listed thereon. 

Beginning with the last paragraph of page 2 of the Office Action and carrying over to the 
top of page 4 of the Office Action, the Examiner again rejects all claims under the first paragraph 
of 35 U.S.C. § 112 on the basis of lack of enablement to make and/use the invention. With 
respect to this rejection. Applicants submit herewith the Declaration of Dr. Shigehisa. In the 
Declaration of Dr. Shigehisa, two experiments are set forth clearly showing that the transgenic 
pig of the present invention can overcome hyperacute rejection in pig-to-primate 
xenotransplantation. Furthermore, Dr. Shigehisa refers to specific ponions of the application as 
filed, which to the skilled artisan clearly relate to the enablement of the transgenic non-human 
manmials being claimed for use in xenotransplantation. In particular, the Examiner is referenced 
to the Declarants specific citation to page 19, lines 11 -15 of the specification and the teachings of 
the present application regarding clear expression of the hDAF protein and the function thereof, 
the latter involving a cell-lysis assay, i.e.. prevention of complement activation. 
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Y 

In view of the above comments and the 1.132 Declaration submitted herewith, Applicants 
respectfully request that the first paragraph 35 U.S.C. § 1 12 rejection be reconsidered and 
withdrawn. 

Beginning with page 4 of the Office Action, the Examiner maintains a rejection of all 
claims under 35 U.S.C. § 103 as being unpatentable over Rosengard taken with Toyomura. 

The promoter in claim I is now defined as a part of Sequence ID No. 1 (i.e., base No. 
4498 to 5397). See page 12, line 15 of the application. The inventors found that such base 
sequence is very effective to promote expression of DAF in an organ and tissue of the 
transgendc mammal. In this respect, please see reference Dl (MOLECULAR 
REPRODUCTION AND DEVELOPMENT 61: 302-311, 2002) enclosed with the 1.132 
Declaration, As shown in Dl, transgenic pigs were not obtained with the 5.4kb promoter of 
pMCP + hDAF construct, but only witfi the 0.9kb promoter. These findings are neither disclosed 
nor suggested by Toyomura. Therefore, the present invention is not obvious over Rosengard and 
Toyomura. 

In view of the above, reconsideration and allowance of this application are now believed 
to be in order, and such actions are hereby solicited. If any points remain in issue which the 
Examiner feels may be best resolved through a personal or telephone interview, the Examiner is 
kindly requested to contact the undersigned at the telephone number listed below. 
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i 



The USPTO is directed and authorized to charge all required fees, except for the Issue 
Fee and the Publication Fee, to Deposit Account No. 19-4880. Please also credit any 
overpayments to said Deposit Account. 

Respectfully submitted. 
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IN THE UNTIBD STAOGES PATENT AND TRADEMARK OFFICE 



Ajpplicanls :Hiroshi MURAKAMI ctaL 

Serial Nwnbcr : 09/462,740 

Filed : April 5,2000 

For :'IYax);$g»UcinaiDmal$ 

Art Unit :1632 

Esamiixer : Petct Fstas, Jr. 



DECLARAnON 

SIR: ' ' ' . 

I, Itoiotsa SEIGEHISA, a cilizea of l^an and leading «t 10^ Kasug^^^^^mc, 
Tsukoba-shi, IbaraM 305-0821, Japan, say and dedare as follows: 

1. I JwTo ieceiv«sd a PluD. fiom the College of AgricuKuxe, Osaka Picfecbwc 
UnivBisity, Japan, in 1987. 

■ 2. I have bwaiwridng at the RcsOTch and Development CtaiileT(IU^ 

Fackeas. Inc. (NMP) since 1971. 1 have beigi-woifcfaig in. Animal •Pn^i,^^^ 
Group of RDC, NMP since 1996. PJtsently, I am the president of a subsidiary 
company of NMP, the Aninwl Ejo5in«5ciiag iResearch lostimte, Inc. specializing in 
development of transgenic pigs. 

3. I am a member of Japan Society for Biosdcnce, Biotedmology and Agfochcmistry, 
and the Japanese Sodety of Nfeterinajy Scioto^ and a board member of the 
J^aaese Association for Animal Cdl Tedmology. 

4. I am a co-author of tho references of the attached list. 

5. I am one of the inventors of U.S. Serial Number 09/462,740 and femfliar with the 
subject matter thereof . 

6. I have read and understood the OfBce Action ia connection with the 
above-identified plication. The Examiner asserts that the specification has not 
provided any guidance, teaching, r woridng examples relattag to non-human 
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m^Qimals Ux xcxxotxanspkatatiou, 

Hcxcinaltei I will show the foUowmg: results of two series of transplant^on 
capctimeiits demonstrating that transgoic pigs gejierated According to (he 
Aj)plicatioa prevented hypmoute rejection (HAR) w pig^-monkey 
xcnotransplantatton models and my oommcatS' 

(1) Dr. N. F^ikushima^ Assistant Professof;, the Fzist Suigeiy, Graduate School of 
Medldne^ Osaka UmvcKsity, Japan, carried out one scries of cardiac 
xenotransplantation experiments, 

Ihc hearts of nonimmunosq>pressed rhesus xaonkeys were exidsed and replaced 
with those of either nonnal (n:s2) or transgenic (n==3) pigs of this Application Q*c9., 
Orthotopic cardiac transplantation). The nonnal pig hearts were rejected in 77 mint 
whcieas the transg^c pig hearts in 275 mixt Such a significantly different 
survival pexiod (P<0.05) demoo^traied that the transgcniof ig hearts of the 
Applicaxion alleviated HAIL 

It is generally known among skUle d persons in the ait that orthotopjc 
transplantation results in shorter survival period than does heterotopjp 
transplantation; the heterotopic transplantation is a method, wherein a redpirat 
organ (monkey's heart) is kept intact and a donor organ (pig's heart) i$ transplanted 
commonly in the abdominal cavity of the recipient. The Artrip's article cited by the 
£acamin<T relates to the h fi tCTOtqpfg transplantation. is a coxzmxon $en$e iDi the art 
that the titers of natural antibodies resulting in HAR dijSfer amoxig mdjviduals and 
species of the Old World monkeys and human beings, too. 

Accordingly, simple comparison of the survival periods between (he tw 
Fukushima and Artip Is meanhi^ess. 

(2) Dr. r Rijita, Assistant Professor, Plastic Surgery, Sapporo Medical University 
SdMwl of M^cine, Japan, earned out another series of skin transplantation 
experiments* 

Fork skin grafts (0.02 inch in thickness) were harvested from the abdominal wall 
1 of a normal pig and the transgenic pig of this invention, and transplanted to the 
dorsal wall of a nonimmunosupprcsscd cynomolgus monkey. Tte^skin grafts from 
the normal pig were rejected within two days, whereas those from the transgenic 
pig in not earlier than seven days after xenotransplantatiorL Histological 
examination denoorxstrated that the normal pig-skin grafts had typkally been 
rejected by HAR, but that the transgenic pig*skia grafts had not becTi refected by 
HAR but rq'ected like allograft (graft transplanted between th same species). 
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Accordingly^ the titinsgemc pig skin of this mvenHw prevented HAR. 



These observations may xelato to the speci£k:ation of the Application (page 19, lint 
11-15): Expression ofhtMFwas confirmed in the medium^ small and capUkry 
blood vessels ofAe transgenic pigs generated by introducing transgene 
comprising the pMCP promoter and hDAFcDUL Besides^ esq^sssion ofhDAF 
was confirmed also in such organs as the peripheral nerves^ skeletal muscle, and 
Stra^fied squamous epithelia of the Skin 

It is well known thai incoipoiHtion of txansgeaie (DKA) to graome docs not 
neco&sarily assure txanslation of protein or eoipression of function of said protein. 
The aitideby Ktdpets et al. dtedby the BKaminer only shows earistence of DNA in 
their transgenic pig genome and compares I)NA levels between the pig and human 
control by slot-blot and FISH assays, 

Ihe spcdfic&tion of this Explication, however^ teaches die esq^reasion of hDAP 
protein (immunohistochemical assay) and the hD AF fuitctton (c6a4ysis assay; 
Le^ prevention of complement activaiign). Moreover, Icvds of hDAF protein 
expressed at such crgana as the heait and skin of thia invention's tiwsgenic fig^ 
were guantitativdy demonstrated to be congiaiahlc to those of man by EUSA (sec 
Fig, 3 cQ tfolecular RepTodndion and Development 2002: 61; 302-311), Namely, 
the transgenic p^ of the Application highly express not only DNA but also 
functional Pfoteln of the hDAF in due organs, 

Wth a xenotransplantation combination between phylogeneticaliy distant species 
(discordant combination like pig-^tof cimate)^ it is a common sense hi the art that 
jLii^VlMftAv^ natural antibodies of the redpiens bind to endothetial cells lining «fe vessels ofAe 
donor organ; the compUmeni cascade is triggered, and the endatheUal cells are, 
as a result, 'dcrfvnterf** (page 450, colunm 2* pftragnq)h 
Today, 1990:11; 450^56), 

Accordingly, it is conceivable thai desct^on of functional pxotdn of compWent 
regulator (hDAF) eaqu^csscd particularly at endothelial cells of tiansgeniopig 
organs (Lc., the specification of this Application) makes remind persons in the art 
of the organs of this Application's transgenic pig as usefiil xenografts. 

It is important to ptevetA eomplemettt ftctlv&tion at critical sites of to-be 
tiansplaoted orgaxu, paiticularly at flie eadothelial cells. Hic aitide by Artiip (p&en 
176, column 1, paragraph 2) teaches the following: "TJte resistance to hyperacute 
rejection was dependent cn translocation of CRTs (complemeM restriction 
proteins) to endatkelial cells and was short-^ived f^llowihg xenotransplantation. 
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CurreTtt efforts use tissue-specific promoters such ^ von WlUebrand factor or 
beta-actm for high level endothelial cell oq>ression " 
That is why the AppUcatioa myented a novel tiansgene comprisiiig the pMGP 
promoter and hDAFcDNA to express hDAF at the caritidal sites in the organ $uch 
as the endothelium. See the specification, page 5, line 2-4: "The inyentors 
succeeded in generating transgenic animah fuelling ihe purposes with the 
promoter of the porcine complement inhibitor (pMCP) previously invented by the 
inventors, 

CO ndwiofl 

M shown above, the transgenic pig^ generated aocorduxg to the Application can 
overcome hyperacute rejection in pig-to-prlmate xenotransplantatlQn. 

8' Iftixtibierdeclatc: 

that all statements made herein of my knowledge axe true; and that all statements 
ma<te OA ln£otmatlon and beUef are beUcTcd ta be tiue; and 

that these statements were made with the knovrtedge that willfal Mfu^ statements 
and the like so made are punishable by fine or impdsoimte^t, or both, under 
Section 1001, of Me 18 of the United State Code and Uiat such willful false 
statements may jeopardize the validity of die Application or any patent issued 



tiiereon. 
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Transgenic Pigs Expressing Human 
Decay-Accelerating Factor Regulated by Porcine 
MCP Gene Promoter 

BIEOSHI MU&AKAMI.^* HI&OSKI NAGASHIMA,' YOICHI TAKAHAGI,^ 6HUJ1 MIZ^GAWA,* 
TATSUrA ro JIMURA,* KOJI TO YOMUKA,* RIE NAEAI,^ MAKO TAMAl) 
TAKASBI KOBIEAIUL* TAMOT6U SHIG£HISA«^ MABARU OXABS;* TSUKAJSASETA,* 
BTOTASBIRAEURA,* AIO) TABOH KJ^roS^ 

^lab6ratary6fR^T^4iue^^^ Af«vl CTamrvityi EoumxmUj Eanagair^ 

^Dw^ion ofTranjsplantQt^ D^>aHm$ni ofRigihttativf UcdkiM, Oaoka tmitMr^ Qrudwxti School ofMe^/fM^M 

SmiOfOsctka v 

^ ^ Cencer, N^/^ri Meat Aid^ 

^Gmms iTtfiimation Rmarch OkUf, OmAa Univ^Uy, Swta, Oicika 

^D^iortmentoflnmaTiology, OtakaMtdieatl CenUrfar CancMr nnd CardiafoatGular Dis€w$, HigathinQrij Otoka 
Osaka^ Japan 



ABSTBACT Pofdne membrane oofactDr pr^ 
teln (pMCP) i$ abundantly expressed throuehout the 
body with p&rticufarty sbtmg expresston on the 
vascular endothdfa. Previous studies domorvtrtrted 
that the promoter, of the pMCP gene tndtjced efficient 
expression ctf a human cQmpleoient regulabDry protein, 
decay-acceleratlr^ factor (DAFf C055), in transgenic 
mice. In the present study, we Wed to ptoduco trans- 
genfc pigs wHh two hybrid genes, D.9/hDAF and 5.4/ 
hDAF, Which were composed of human DAF (hDAF) 
gene reigulatcd under pMCP promoters of different 

tierigths (0.9 and 5.4 kb). Five Tivg founder transgenic 
pigs were obtained only whh me cons^uct 
Aimougn, Tour Tounaer pigs transmitted the tr^n&gene 
to the second eetwration, ttwtrensmlsalon ratas varied 
^mongfOunders. We examined the expression oT hDAF 
In tissues of dejoendints of t*^ fine* (Dml and Dm4). 
Human DAF specific RNAs were confirnwl an RT- 
PGR anafysis In afl or^ns examlr^d, IjSvels of hDAF 
protein In the organs from the descendants of Dml line 
were higher than those In the corresponding human 
organs as determtned by enzyme-linked rmmunofior-* 
' ^ bent assay. Immupoh istDChemiCAl Studies fihowed that 

: the tissuie distribution of hDAF in the descendants of 
' both lines was similar to that of endogenous pMCP. 
^ The expresstoiT level of tiDAF on the vascular endo- 
thelial cells In Dml line was twfce that on the 
correspondfr^ human cdte. We tested whether proln- 
flammatwy Qrtoklnes upregulate an eRtclenpy of pMCP 
promoter on hDAF expression in transg^ic pigs. 
Although the expression of hDAF an the human endo- 
thelial cells Increased with a combination of cytokines, 
tumor necrosis factor a and InterfiBrDn-Yp no ^toldne* 
Induced upreguMon was seen In the cells of trans- 
gentc plg^ The endothelial cells from transgenic 
ptgs e?4ilblted high reststance to the human serum- 

O 8002 WBLET-LISS^ INC' • 

Recelved(rom<USPTO>at10l30/0310:10:1 



mediated cytd^ysfs. Mof. H&ptrxf. Dev. 61: 302- 
311. 2002. O2002 Wti^^. Inc. 

Key^ WoxdA: porcine MCP; human DAF (CDSS); 
trensgonic pigi xonotronsptantactlon 



IE>9TSQDUCTION 

The niqjor obatadAa to vflziofraxunJleatation of 
laiized crgaaa diaoiigdimt iqiBcie^ cogihiziaitiTOBi cuch 
as pig to htamfln, are liTperaorta r^ectiim C^AB) and 
acute vaacolAT r^eetioix (AVB) (Uwaoc and Piatt, 
1996). HAR leads to aayera grdt deatruetion, nuA bm 
edama, hiRmOA^age, thrcnabooiai and necroda ^^itbin 
mizmeee to hours CPIatfe at oL, 1991). 1A tiUo patfaogen- 
eaia of KABi thaUndingcf ^snoraacthv aniibodiefi to 
donor vascular enctotlieSdal cells and Mowing artrva- 
iion of TQc^ientfc complsoaeDft are edtical fartarB 
(DaXmasso et aL, 1992). to pr«vent tedpienf a comply- 
meat acdvitionp doDor piga ttiac are tranageDie for 
hnman complcmCTxt regulatory protadns (CKFd) audi as 
decay aficelmitiQg £ad9or (DAF, CD55} (Co»i et aL, 
1994)p CD69 (F6dor et al.j 199i), and membrane 
oojfiMtor protein (MCP, CD46) (Adama et aL, 2001), 
hsvn been produced. Pig-to-baboon transplaiitatLon 
oponmenta naing (hoae ^tw^ag^nic plge chowed that 
HAR waa pitrtreabed (Gcfamocc^ ct aL, 1998). In AVE 
tliat la eharactetised l/y hemonhoge, thrombosis^ and 
a mononucldar cell Inflhration into danor orgiina. 



Inao^Ath* BtfWitTTf^ (PBOBBAIN). 

•carCh JBt/Hom, a4 Ui^oicdiaxv, Tsikuihi. IbCTl3d, aOQ^294S. 
.a«cdt*cd 3^ JoM »0i; Aoe^ptod M 8^ytaTnb«r 2001 - 
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euiivaied T lyinphoqyteB, maorophiiges, and ceUs 
jdxy nlfls QPlatt et 91, 1968)* It VfiiB eliown that AVE 
could occur indflpondttst!^ of complraifilit Ctctrr&ticni 
following binding of xenorenctive wdbodies to vascular 
cxvkibelia of the graftfl. To i^rorvnt AVB, donor pigs 
■bonld bft irwnlpiilnted to reduce Ui6 me^yor genoepitgpe 
Oed a (l^)Gfll (Gdili «t «L, 19S7) aod to repaid 
ACttratioitL of infiammatoiy ooUs Uibie NK cells. Diarup- 
tlon of a l|3g)alacixMjliran«rsra6Q gene by homologtnia 
rooomblnatlon >raidd bo oflbctivD: how^vor, the 
method 15 yet to be doTdoped hxpig. Alianuubbefy^ an 
ovctqj4> r e? t ^ on of Other glyoo^ItTflnaferttae genn, 
0ueh aa a l^^fooo^irltnnsfiyraaO'tliat oompfltea vnth a 
l,Bgalactoe!3dtranafier fo* its sabstrate-woulid reduce 
Gal cc CI.8)Gal epitope (Sandrtn et al.p 1995). It was aleo 
reportad tlxot eCKpr^aton of HLA molecolea on pig caUa 
effedzvcly mb^iitea human NE oeUnmedlatad cytatoii- 
dty in ^dlro (BaaaH et aL, 1999). The potential ben^ 
of combined ekpreeeions of the gmes Ute GFPa and 
g^yoo^yltransforafieB hae been demonatrated in mice 
(Cowan et aL, 199Sa}. 

Savwd same pr omo taM bav« been teeted tn produ- 
cang tranBgenic pigs for xenpfcranaplantatioix Murine 
K'2 and human intercellular edhemon molccula 2 
promotdre have been ti$ad to express human GRPa in 
mice and plge {Fodor et 6L^ IBM; McCuzxy et aL, 1095; 
Cowaix at aLi . 1998b). However, the cxpresnon levela 
inouffident paiticularbr lu pigs C3yine et aL, 
1937; Notde et aL, 1999). These results su^^ that Che 
T^ulatlon TnftrfihninmTi for tranagene ezpreadon are 
not the eame in mice and pi^ KGnigBne and ganomie 
DNA axhihited Buffldeiirt e mpr e eei on lavel* of human 
CBPe in pigs (Cozzi et aL, I997j Chen et aL. 1999; 
Adams et al.» 2001). However, the mlnigane and 
genomic DNAa having homologous pimnoter of the 
coding genee eo^presa ^ gcnea in iha aama way that 
the geiiac are originally eacpreaaed in vivo. Theraforoi 
promoters that e^yreea heterologouB genes on vaacailar 
endothdia or other clmieaqy izz4>ortant tisBue^ auch as 
pancreatic ialata in pige, ahonld be dsveloped. 

We and othtta identified pig homologue of human 
MCt^. and stndtied its act[vt(y and tiaaua distribution 
CTOTomura mt aL, 1997; van den Berg et aL. 1997). Im- 
mmiohiatochtnmcal analyaie ^th anti-pMCP iwMled 
^t pig MCP (pMGP) is wide^ and abundant^ 
ezpreeeed in nil tissues examined with particularly 
atrotigEtainlneotithaTBacularandothelia<Pere& de la 
Lastra at aL, 1999). We idantifiod a promoter region of 
the pMCP gena and found that it aupporta hi^ level 
e^presaiona of foreign protetna in pordne aorta 
endotheHal C^AE) ceLb. We also produced tranagenie 
m[ioe with pMCP promoters of diiGferent lengths and 
damonstiuted thsit botb loQ^ and short forma e^preaaed 
hnmmi DAF at hi^ le^^ela in vazious monse tissues 
(Murakami et aL, 2000). 

In the cuireni ej5>«rim0nt, we conducted further 
Studies to confirm cffectiveneGfi of the pKICP promots 
in piga. We produced lines of transgenic pl£B eocproasing 
hDAF at higher levels than human cdls in a tissue 
distiibution sixollar to endogenous pMGP. 



MATERIALS AND MBlHODS 

Gene Constrocta 

We used two hybrid genes In which 0.9- and 5.4-kb 
upstream aequenoea firom the pMCF gene were each 
ligeted with hDAF rnxnigene (referred to as 0.9/hDAF 
and 5.4A^AF) as doambed previously (Morakaa ai, 
et aL, MOOkj Briefly, the hDAF cDNAincCa^i^ 
tntron was Ugated at 69 bp downstream of the tran- 
BOiptiQnal start site within the first eton of the pMGF 
£Gne - &400 to + 69 or -841 to 4* 69; DXXBJ/EMBL/ 
OenBenk aooeaaton nmnbei; of nucleotide 

se<pienc9 of 

the S'-fitanUng re^on of the pMGP gene is AB026919. 
We digested the plaamlds with Notl and A»47m to 
remove tha vector eequenices, and purified the DNA 
fragments fbr microix^jectian wlt^ spin columns 
(ULTRAFBEE®*MC, MllHpore Co. Bedford, MA). 

Gfaientkm and-Breedillg Of 
TtanagianiePi^ 

We used prepubertal Landxao^ Lar^ Whita, and 
aoaihred gilta CLandreca^Larse White xDuroc) bb 
embtTo denota and redpifliita. M et hods of auperovula-^ 
tlon for gilta were daacnbed previously CTalmhBgi et air 
1999). fimlnyo donora weere artifidaU7 inseminated, 
and embryos wvre coUeeted 60-64 hr afber the hCG 
]q}eei2e&. EmbrToa werecentrifiaged at X200Qff for G ndn 
to viouaU^ the ptoaudei and mkxmi^ectBd with about 
sevsval fhoueaude copies of each hybid gene. Micro- 
iqjected embryos ware then transfeited to nrtmatnd 
Q^chioixized redpients or tha aooibiyD donora (donor- 
redpittite) (Purael and WalL 1990). ^ansgenic 
pi08 were Identified hy PGR and/or Soutisera bbt 
ana]tyaia with genomic DNA axtneted firom the taQ 
t^ of the ziewbcra pige. Founds transgenic pijpa aiid 
thdr transgenic detoandancts were bred with non- 
tranegenie boars or gilta to obtain the second and third 
generations. Copy numbers of the transgaxkes m pigs 
of the third generation were eatunated by a DNA 
dot blot anslyaia aa described m^ouely (Murahami 
etaL*2000). 

RT-POR 

One microgram «f total BNA prepared viri& leogen 
CNippon Gene Oo.» J^an) was revcrse-transcTibed 
vmE ft first-etrand cDNA q^ntheau kit (GlBCOOBsL, 
Eodcville, MD). We twed primm e'-gtgcctgcc^ocg- 
tgtggggt and e'-tocataat^gtcBcgttieoecttg to amplify 662 
bp of hDAF aequenca. One hundred nanograms of the 
first-stranded cDNAa were used PCR with OA 
amplification condition; 80 ^^daa of rfwoatnTation at 
WC fbr 80 sec, and annealing and eiienBion at 69^0 
for S min. 

Tifieaes were embedded in OCT compound CMilec 
Iru^ Elkhart^ IN) and frozen in dry ic^-ettmnoL Tissue 
sections (8 fan) were mounted on po^ulyidn-oQ&ted 
, alidra^ air dried, and tod in acetone. Endogenous peoKh 
sddase was removed l^y xneubation xdth 0.02% HzQs in 



□CT-29-2003 18:05 SUGHRUE MI ON 

2003^10fl2lB lim^i 



202 293 7860 P. 21 

NOJ379 P. 11 



304 H. MURAKAMI ETAL. 



PBS. Esdo^euouB tismie Uotan wnA bilked uonff 
Bloddttff kit (Victor Loboxatorteei Inc,, Burlinfome, 
CA}. Tte«u99 w«re etaijaed with & blotii^lated mAb to 
hDAF (10 Mg/ial of lAlO}^ followed hy duvcLopineat witii 
an ftvidin-liiotizi conq^Ifis horemdidi peroxidase 
method (VECTASTEIN ABC kit, Veceor Laborttoriefl). 
Forooddase etalnlng was cmM fyut ttslnff diamlnabeii- 
z^dim Toa^t cet (KirlcigMrd & Ferty Lftboratories, 
Inc^ OMthsreborg, MD). Tisms wore oountervtained 
witb. hemAtoatyiin. 

Cells «i2ikdCviItare 
Pis mdoHielial cqBs firom sorvral Unes of transgenic 
and nonfrani^genic wen ifclAted by vo-^ing ttio 
aorU witli a ai|>fttula and cultuiing in EMEM OQAtun" 
fnz 10% FBS with tr^utambft (OIBOQ^BILL) «iid 
penldnizv/iBtreptoniy^ W[e8i« To^, Japan). Human 
umbiUcal arterul ondotbeUaloolto (HAEOs) puroha&dd 
from Cell Systems Coirpcxraiaon (KirUand, WA) wers 
Ctidtored wiUi C^&€omplet« Medium Hot acconSin^ 
to a fiLamifacturet'e reoommended tKratocoL Human 
urnhniral v«in aodotbaliai cells CHXJV]E)08^ a line ID; 
1F0600271) WOT pniridcd frtm Ixiflt^tute Ibr Fcmie^ 
tLon OeoJca. HUVECb mre cultured in Ham F12 
medium (Damippon Fhann. Co, Oeaka, Japan) supple- 
mentpd wiili 10% TB8j 60 pgAnl of oodotbelifll ooU 
gtcwth Hupplemrat (Bectoa Dickinaon Labwore, Bed<. 
ford, UA) and 100 of L^^paxin aodi^ 
Chaodcal Induatries, Ltd. Oaaka, Japan). In eadi 
eaq)atimezxi» pig mdothalial eaUs at paasago 2-S were 
nttcdt G>plaxioc7te8 from 'ban^cnic nQEx^anc^ss^c 
piga weraprepai^dby devingandincubatedin diatQlo^ 
water for 30 aec to lyee PBOb Mow«d bj an addition of 
tha same vohune of 2x FBS and oentzifusati«^ This 
oporiilion wa« repwtgd until BBCs were deleted from 
the cell pellfit It^a celb wvro washed twke with FBS 
and BUApendcdin VBB. 

Flow Cytometric Analyala 
Cells were eospended in FBS containing 1% bovine 
Bsrum aFb^imin a2»d 0'19& ioditmx asjlde CFAC3 buffesr) 
and incubated with a biotiz;^]ated anti^JlAF mAb 
QO oflAlO) in 100 Ml on ioe for 80 mm. 1^ ware 
than washed twice with FAGS buffer and incubsied 
witii 10 ratel of etsretptavidin-eoo^ugAtedpl^)^^ 
(Biomeda Co^ Foeter, CA) in 100 id on ice &r 30 in in. 
They were wwhed again twice, xesu^pended in FACS 
buftbr OQutidmng 10% tbrmaldehyde, and anajlysed by a 
FACScan (Becton Diddnson). 

Immttaopreolpltatton and Weslem 
Blotttntf Analysla 

One hundred micrograms of Uver from tnuafi^enie 
and nontranssttnic page, a;id G x 10^ of human pez^h- 
-ftral red bbod cells (t^Ce) wtsn homogamzed in X )nl 
c/a lytfft edutiim (20 nM IVia^Q (pH 7JCi), 1% NF-40, 
1 mM PM6F| 6 mM EDTA 10 mM iodoaceioamide 
5 [xffaa aprottnln, 10 y&ad Itepcptin. 10 vehid 
pep^tin), followed by centriftigetlon to remove ineo- 
hibla materinls., Tho enpemaxante were used In the 



following procedorea. Pn>tein G-SepharoaC <100 \il 
beadd] waa incubated with antl-hDAF monoclonal 
antibody CQHO: SO |tg) at room temparatuTe for 1 br, 
and weahad with FBS^^aA (1 m^wih proteinasa^fae) 
three timea. Ilia iTaatcfl incubated with the IIH6- 
Protein O Sephai«ae C20 m1 beada/lml iTeaia) at 4*C &r 
1 hr and again washed twice wi& PBS-BSA. The 
bound hDAF x^olecules were eluted from tibte beads by 
incubation tot 5 min at 80^ with 100 of cample 
buSer consisting of 5% SDB, 125 mM Tria-HCl, pH 6.8, 
10% j^iycerbl and 0.01% brtmphend Uua. After SDS- 
PAGE tmder non-redudnf condldona on a 6-20% gd^ 
proteins were blotted onto poUyvisylidene difiuoride 
membrane udng a wot Weeten traoicfer apparatus 
(Bio-HadX Uie mambrane wa« blocked in 20 mM 
HQ (pa 7^), O.I« Twecn 20 with G%bIock^TtiageDt 
<;rfN2108 EC^ Western blotting analyals STBtem; 
Ameraham Fharmada Biotech) tor Ihr at room tegn>- 
evatore and reacted wjth either antil WAF mAb 
{VXHAT: 4 iigbd) or irrelevant IgG mAb (4 ^g/mI) for 
1 brat room t^zqperatoa.Wafttaniblot was deveibped 
by a chemOumlnescent detection ^/etem CBFK2108 
BCL Western blotting analysis ^yetam). 

AaoayCEUfiA) 

Human organ apedmens were obtained from a 
cadaver 6 hr poet mortem with the Informed consent 
fyr this BUidy of the patient hivotved, Tlseue Ubeks 
were ardsed^aoap frozen in liquid nitroson, ■ndsCoced 
at —95^ uixtQ uaa« Tuaacs/wers homogemzed in tiie 
NP^ ]y«ia buffer refeixad in th6 ibimer heading and 
incubated efi 4*C for 1 hr. Tbe t^mie ^tee were 
centrifixged, end tibie eupamatante were de0p frozen 
and kept at -96»C Until use- To the miftrotiter walta 
coated with X2H6 mAb at 6 pg/ml, tiiplicatas of 100 pi 
tittnie iTwttt prepared to aiduBve protam concesifra- 
tion at 1 mg^ were added and incubated fi>r 4 br at 
4*G. After washing with FBS cotntalMng 0.05% Tween 
^ CPB&-T)r Inoubatiosx with 100 id ctf biothvylated lAlO 
mAb at 1 for 2 hr at 4"C, washing widi PBS^T 
again, and fePowing inmTmtipn with avidin coivugated 
nlVnTTTiitphoepbataae (gYMED) far 80 min were carried 
Ota. The reaction waa dfivdoped with Lnmi-PhoB® 680 
(Wako Pure Oiemical Ihduetdec^ Ltd) and enzyme 
actives were estimated wtth a miooplate fluorometer 
CBluorosksn Ascent FL*, "Hiormo Lab^yfitema, Hel- 
sinki, Finland). 

Cytokine Induced WOAF" Eiqpxeaaion 
Cells (2k 10^ were eeeded in eomun petri di^ea. 
Blfjtt houra latcTi recombinant human HrlBi or tumor 
necroaJs factor « CTNP-fld andinterferon-y (INF-y) wefe 
added in cutturec at 10 ng^ 10 n^^ and 500 U/ml 
re^pective^. Foriy^i^t hours later^ we harvosted the 
Dclb using trypiu/^^A, and maasozed the hDAF 
oprcaaiona by frow cytometric ene^yda. All the cyto- 
kines were purchased from PBFRO TECH. EC Ltd. 
(London. TJK). > j ^ . 
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ConqilemezLt-MeiUated Cell TjyeiB Assay 
TUa 9asB7 pexform^d usnur diil^ "ll^H* kit 

tran«gttxu& ^vrare pletod at 2 X 10^ odls per well in 
flat4rottcuxwd geUtLD-ooatad M^mll traysi I day prior 
to sflftsy. Fifteen hoin^ aft6dr pXeuC^ 
were washed twice with senim4)re9 PAIS^M to Temove 
the lactate det^jdrogwie&s Q^H), v^^tudi preseat in 
fi&tal ealf fierumi azid iuqubeted with (owrtl oonoGSX^- 
tioas of nonodl buiXlW eenm (NHS), wbidi Lad boea 
dilated with DMEU. The pl&tea were incttbatod 
at 87*G and tlie relMead IJ>H was then meaeured like 
percent cytotu&ici^ wna mlcolated using the fannula; 

Qytotoxicliy - {(E - N - 8)/(M - N - S)} X 100 

where S ia the eipeximcikt8% obeeiTed nkase of 
aetivilgr trim ^ toilet oelldp N; ttie LDH activity in 
each flfwirrnfniiioo of NH8r 8; the BpentaneouA i^cosc 
of LDH activl^ fium tezget oeUe incubated in the 
absence of MiS* and the maximal release of 
LDH aedvAy* as determined hy Bxm^adiaiu Ttie 
flpontanoDua relaaia of IiDH activity from cella waa 
lees than 6%^ compared ta the masimal tdease 
Obtunod hs7 eonieatioii. 

Statiatios 

The Btudent t-ioA waa uaad to aeoertaln the 
g g o lfic an oe of dlffmneea vriUiin gnnipc DiJEFerenceB 
were conaidored etatifitloally aignificant vdian P < 0.05- 

EESULTS 

Oenflmtlaaa of Ttiui50enio Plga and 
tonnanilrtHffm oTthe Transganeg 

We miaeuqected 0.9/hI>AF DKA into 302 pig ova 
and obtaliked five ttfaxL^eoioi in 43 nev^bomB, There 
waa no tranagenic pd^ in 76 nswlxnns obtained flrom 
1122 ova mScroixdected v?ith 5.'VhDAF DNA. The 
Hve founder transgenic piga were bred and mated ^rith 
non-tnnaganie bears or gilta. Table 1 ahowe the. 
numbera of daecendanta &om each founder pig. AH. 
founders tcanamltted the tranogene to the aecond 
genaratton; however^ the tnmamiaaioa T^tto varied 
among lines. Founders of Dm2 and DxnJ^ tzwsmitted 
the ^anagena to onfy one deecendant in 31 and £8 
ofiGqptin^, tespediTely, whereas I>m4 founds trans- 
mitted the tranagbna to all X6 offepilng. ThA tranagenic 
rate in the third generation of Dm4, H%, waa aiodi 
higher than the ejcpected rate of 509&. The taransgenk 



rate of Dml was Ipwer than 50* in the aeoond 
generation bat WB8 ea eqweted in the third generation. 
Dml daeoendanta hnd about £0 copieaof the transgene 
in the third generatilon, We obtained two diSbrent copy 
numbaiE^ about 10 and 60, in Dm4 descendontii (data 
not vhown)i augseating more than one tran^gene 
integration dte. We used Dml and Dm4 deacendanta 
of the third generation in aubeequent FtUdiea 

Eapreaslon of hDAP fat Varlotifl TisBiDes 
pfTmuBgebicFigB 
mRNA, OQireaalAfli Ia the organa from trana- 

in^vatloaa tiaaoea from tranagenic and non-traaagenie 
litteosAiee with RT-PGR. All tranagenic organs ana* 
tTzed, name^» heart, long, tddn^/, fiveri aldn, oplran, 
and eatvfanmi, vixpr9999A hDAS mBNA as ahvwn hy 
geaerstiim of (he apedfic $92 1^ DNA flragment (Fig. 1» 
laneo 2, 4, 6, 6, 10, 12, and 14), Gamplea of a non- 
'transgenio Mttermate did not generate ^)eeiSc FCR 
products Oanes S, 6, 7, 9, 11, 18, and 15). 

Tlame dtabramttcm of bDAF In tranuagenlc 
p4tf detewniaed Mfli tmanwifthfgftorhwTiitBtjy. 7V> 
datar^iine hOAF espreaalon profiles in wrioua tjasaee 
£cma hDAF tranagonic pigCi wo toade aectSona of heatt, 
hmg, Iddn^f Hver, aldn, fpleeo, panczeae, and 
brum from tranagenic and non^tranegonlo Uttennatea 
and atalned them hDAP apecific mAb. AU cect- 
iona of lran«geaie tiasuee vrare BptcaScuHy atained, 
whereaa the oection of mni4ir*nflgBnic p(ga gav« mSy 
background ataining. Vaaciilar md^thdla of capO- 
lariee, venulae and artttables, and narves in all 
tranagooio tiaauea trrnm\v^M\ yf^g^ intenasf^ atained 
(Fig. 2). Otha* parta of tfesuea were alao apedfically 
Btaanod (Table ^. In haaxt, ce^xUlarlee in mjowdium 
wero inteniely itainvd (Fig^. 2A}. Myecytea were wcak^ 
atained, whaEeaa atrial uQ^oeordnun waa atahiad 
atronger than ^ventricular myDcardiiim. In aottai endo- 
thelial oallfl and smooth nxuQcle oella in tunica media 
were intonae^ Stained CFlg* 2B). la Iddn^, ^onwull 
and interlobular vnsaels ware Intense^ stained 
(Fig. 20. Frosxmalrensl tubules vtrere tain'U? stained, 
whereas the diatal tubules were leaa stained. In ttver, 
Intariobular arteriee and veizia, and its curroonding 
connectlTe tissuee wera intenaety stained, whereas the 
opitheUal oaDa of bQe dueb seemed not to be atained 
(Pig. 2J}), HapatO^Ttes were toixiHty stained. In skijx^ 
kerntano^Ttaa in ^pidennis and vaaeela in denziia wcra 
intanaaV stained (Fig, 2ED. Inbmg, the whole tiaauea 



TABLE 1. T»a wfltni B Hi onRata^itf lib^T^Msgttief inUieFtorY^nnagairi 
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Fig. 1. BT*PG& ftSAlyda «f hDAP bBKA. taptmtkA kx vvziouA 

Vidiur, Lmm fl, UvQx; X4IM 1^ ikan; Lteu u, qiteai; H 
ainbniai ^ • tnoioffMk Dml pic Im Jtetxtf X4aw 
Ia» 7. Uili)^, Xme 0, lh«r; Ijve« 11, «klD; 1^ 

liddct mnkoiL The U»F ipadfie «ft2 bp SNA fr-QimRit wu 



fndnding alvwll, bronduoleSi azidTQS90Jfi strongly 
Btainod. In poncreafl, Ckcretttj ducts «nd v^cmIb W6ro 
intenaetr nUmcd, but W9«k wba olisorved In 

tlie eziQ(rizM «dbier oeOft and isitets- 

QaAi^iitaijv« axxelyvis of hDAF ^^qpressicm in 
tlxfi ocganft of traxtsgmlc piga. For qaantit«tiv« 
meosureznant of tlie hDAF eipreesiona in dififeimt 
orgHnf of tranfie^ pi^ «d nontranBffdikk litter^ 
mates. w9 usod RIJ8A And compaar«d them ^9rhh the 
endogenous hDAP <(^reedonfl & equivalent hixmAn 
tiseuee (Pig. 3). Tb^ organa analyted were &Y»n Dml 
and Din4 desoandania. A tvlativety oonetant aqnesion 
ohtained In tiie origans £njm Dml deeoendanta. 
Ahnoet all the organ& from Dml descendants ane^yxed 
wore found to eatress amoimte of hDAF csomparehle to 
or greater than those found In the equivelez^ human 
tissuefi. In conizii^ ^ levels of bDA^ ej^prasdcn 
veried conalderebly among indivlduale of Dmi d esoex^ 
dpnteesc^ for the ezprason in liver, ^ 

We then analyzed the hDAF azFresaio& levela on the 
aorta e n doth e lial oelto end eplenoeytes by flow qytome- 
try. The eodoiheliAl oeDa from Dxnl descendants 
eixpreseed hDAF 1.6-2 times hl^er then hunmn aorta 
endotheUal ceOfi (Fig. 4). The splenocTtee from Dml 
deacondants also expruased hDAF ee nxa<± aa humnn 
pcr^jheral ^ymphocytee. The «miil«r oxpreseion inten- 
sity of hDAF was observed on the cdUc fimn Dm4 
deaeendantji (Fig, 6). We aldo anolyted hDAF eipree- 
sion levelfl on the FEB Os from deee^idante of both lines 
by flow cytometry. Tho FBBOs from 1-weck-old des- 
cendants ezpreesed hDAF hi^er than human PR&C^. 
However, the level w&e decxwed to neerly 0 when the 
deecendantv reached 10 months old (data not Shown). 
This dOwnregulaiion of the hDAP expression wgA seen 
only with PEBCs. 

Characterlzstion of hDAF Protein 
KMpresoed in l^iuiAgenlQ Flfs 
We analyzed the hDAF ptotem ospreseod £n the 
tranegenic pig!5 ty Western bbttbg (Fig. 6). A 75-kD 
band eorreflpondiAg to the TTn^lrmlitr wei^t of endo* 
genoue hDAF was idsntiaed in both th innsgexdc liver 



extracte dane 2) and human peripheral red blood 
cell esctraete Qane4). No equivalent band was d^scted 
in the liver extraots fit>m non-tmimgrjiic tittermates 
(Jane 8>). 

Ejffeots ol Cyicyktnea cm MltAP Ejpresaion 
In the T^tknagenic Pi^ 

It was reported that hDAF eipressioa is tipresulated 
hy pnnnflammotozy qytokmcap such aa IFN^. Upr^gu- 
lation of CHFs on ceOs nndar Inflamnurtay conditions 
would be beneficIaL It is not known whether the 
promoter of pMCP ia ragnJatedby cytoWnee, We tested 
whether hDAF orprteaien on the ondothaliel of 
tianagenie pigs is ragulatod by eytoikinea/ Tbe ee^ 
three transgevdo and one nonttwugenic deaeendantSr 
and two human andotheUal cell lines wise atimuZsted 
with TLrlf or a oomhination of lNF<t end IFN-r and 
EubsequeBtly enab^ by fiow (ytometKy CFig. 6). Tko 
hDAF was oonstltutive^ apreased dn the rsetlng 
endothiQiai obUs of both human and the transgenic 
pigs. The levels of hDAP eipresdon on the resting cella 
from transfi^mk ^ wems approifa aafely two-fold 
hitler tlun human eeUa. The eKpyeeaiopa on HAECTs 
and HUVECe were Increaaed up to two-fiild with tbe 
combination ^ TXJF-a and WU-y. No ft»' g»ifi«>^f 
inoeese was obeetved on the ceQa i^ transgenic piga 
with the cyt^^feina coTnhf nfttiom Ko sagniilraTit ohange of 
the levda of hDAP eipresslon waa ohserved xvith p . 

Funotioiial Analyaia of hDAF Ejpr eeoed 
in the Tra&agenio Fiea 
We demonstrated the protectzve dfect of the hDAF 
protein lynthecized Jn the tranBg^enie piga in hmoan 
cemplmnent^nediated oell fyeiB aasay. The f»"'^ff ttiftlial 
eells from three tranagenac deaoendanta and a non- 
transgenic pig were suli^Mod to the cell lyaxa aaaay. 
A non-transgflBic pig endothelial cell Una (WDB2)| 
tTsnafiactod wi^ hDAF gene (MiyagBwa at aL, 1094}, 
weteuaed as a poaitive onrtzol oallfl ea^reaaxngKDAF at 
the similar lev^ ^thA tranagenic pig oeUs. The oslls 
ware cultured in the m«ixam containing 20% or 40?^ of 
NHS followed by an LDH release essay* Bi^ death 
rates of the cella were ohaervBd in ^e non-treated, non- 
tronsgenic pig ceilla by adding NR5 in the medium 
(Pig* 7}. A dgnlficant daereaae in the rates was 
ohaerved in the cells from tranflgmic piga and the 
hDAF ^i]qp»$aing non-transgenic pig cetla with any 
concentrataon of KBS. 

DISCUSSION 
To overcome satly mejor r^jeddona auch aa HAS and 
AVS aa weU ao cell-mediated r^cdiona in pig^ 
human zenoiran^daatetion, it would he neoesaary to 
modify pigs with genee effl^otbe for conqilemeni regul> 
atiOlXt redu^on of xenoantigena, and NK cell regula- 
tiooL Such gene rnrrdifimtfang require transgenic 
tedmology in piga infih^dhig dcming and homologous 
reco mbi n at ion technlquee as weU at aocomnlation of 
in£9rnifltion about regulatory dements of gene$ uiseful 
to expreA heter^logDvifl genes in targeted tissues in* 
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pigs. Zh the prttent Bhufy^ itq usod a. pjg enidoffdoioiifi 
goEne ptomotar to etpMa bDAF In pigi. Tbo pMQ^ 
cpm pl trm e t regul^etozy pntein Ixoadty MTrmed in 
pigB Ilka hunwii UCP ^th MmA mepiionj. For 
examplcp tho pMCP is «ipreGsed <m the FSBGb and 
panczeatic ifllfrta vrlm luuoui UCP is not ttqu^fi&ed 
CB^nmet «t aL« 2ODOX Partdculavl^, tho pMCP le ib- 
tenA«(^ expressed on the 'VBacalnr «nri^^ ^g <P8r«t de 
I&Lo^eial. 1999) that are thttfiiHfctftrgetofbmzian 
natural entibodieB and f oIIowlBg EAR and AVIL lu this 
regard, m hypgQiedzed that ttaa reguktcnry ehsments 
of thj6 pMQP gcxxA are good candidatea of the gene 
prouotera ijT tnmBgenic pigs useful for xei&ottajuipian- 
tatlm We used two Tariant? of the pMCP gene pro- 
moter region in hDAF gene cDzustructg and ohtaLned 
traasgenic pige only Vdth a gene ttnotnid be anng the 
0.9 Idb promoter. With 6.4 kb promoter^ freqiieDcy of Hvo 
birthfi dconoa^od, GQgseeUng come deleterioua e£f^±B of 
the gene on earty davBlopmrot in pigs. In our prcvioua 
<tadies» tran^genie mice were produced in eimllar 
fisqaendefi with the two gene oonsiructs CMnrakaml 
ei oL, 2000), The reaeon £6r tho difiercncq is uodear, 
but may be dependent Upon aomA apeciA$-^3edfic 
rogulaicn^ mecbadlfisx. Moealciam of transgene inte- 
gration waa very frequent in the tranagenic pigs. In 
three of the four tranagoniG luaee» tranagonle rates in 
the second generation were bwer tiUm 80%, indicating 

l!!^e!vedlrom <US_PTp> at 10/30/03^ -■ 
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OM5>«^aa4y»l»ofto^fWto0fU>APVSIJHiL 
^ ms^ wupvfinMd av d«ea(M tDHatolih andMcM 
oigiiii (bHt, tao; VdoiP. Ibtt, a^ ddlki ftwD top to bott^ 
i^tmigwteattdftrf»cqaaMiaro-toinag»^ 
l>ml aMPmtlbia md aboman w«r» taMd lUi itQ4r.lliaf««a 
an V» truMftaia d i wwfHl iii r i tunmb tfaa nbu tftht 
jBMUmiDinti k biplliBti^ and 

" ' ' TTl ^ ]mT^wlr■pman^ ^l^■w^±prfMoftto»lIll^^ 



K mooaidaxn in Gonial dflndSr Theae maHa «"'nm!ftd 
with the retulis of FACS anab^ with the PRB ^rom 
the ibundfirpige. Tlie three fbundsr plgB had only 109^ 
60% of FKBCat whidi wm fg^rrcaaiag hDAF (data not 
^own), How«f7^, all iho PSBCt i^ets in the 
second generatione of all the three linei «itpr«s&ed 
hDAF. 

E3q>re8Bvm profiles of hDAF In dlfiet^n t tissues from 
dcsoendaji^ Of two tranfigentc pig liliea Dxnl and Dm4 
wen Bimilar (Tahle 2), except that the pt^^^rn^ 
Intenaltff waa variable in Dm4 de&oendanto, Vaacular 
endothelial walla had particolarly hi^ exprosaion in 
aU organs from desoendaxxte of both lines. 1)10 leveU of 
hpAF on aorta endothelial Oella from the tranageviic 
pi^ WBW twice thoee on human endothelial cdla. These 
reaulta indicate that pMCSP prottioter la uaefiU to eip- 
roaa hAterologoua proteins in vascolar endothelial oellfi 
and vazloua other oells in a wide range of organa. 

Th^ hDAF ezpreeeion on PSBCe decraaaed «£ the 
piga grew older (data not ahown). No change of hDAF 
Axpresaioa with age waa seen in the other tiasoes or 
ceUa aueh as vascular m^rtf yiial ceHa. Expreanon 
levela of endogenous pMCP on FBBGb in tranagenic 
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(iid not chA2ieQ with, «e« (4at«ixwt shown), AIoOi intJid 
tTBAQgemc mice preriouity pnxiuo^d with the aame 
gene oonAtniflaB^ downregulaticm m tho CdpresBtOQ of 
hDAF on FKBCb yn£k age did not occur (mximbliabed 
ipesults). IHierefora, much downi^gulatLQn of the tran^- 
£Qn9 ^spresslon was dependent i^xm trpedes and 

Quantitiei of hDAF proton ttcpreeced In dSfierant 
OTiganfi vori^ between the two Uo^g (Fig. 8). ta tit&e 
Dml liiu^ thft dd^cendsnts W smukr Iav^U of hDAF 

■ ■ '^W' .^-^ '/ ' . 5 , ' 

R???!y?^ from < USPJO > at 10/30/03 10:10:10 iWiliEastern aand^^^ . 



eipnosou. The fgprggsiQii levels in Dml Jine w«re 
greeter tlian thoae of ibe eomapondiag humu organs. 
Th& descendants In Dm4 line had variims arpresgdon 
kvelfl of hDAF. This can he aeeount^ fbr I17 two 
different trenfiB^ne Integrafiosi eltes as deaezlbed 
above. The highest evpresser in the DmA desoendantd 
ddiibited as hi|^ as Dml degoendantfi. JntoKStingJ^, 

liver from low erppaaaer nf Dmd AtMmmAavxf^ ^TiiMf^n^ 

eonatantb^ hi^ief anonnta of hDAF than Dml deaoea* 
dantfl with altnilar staining profiles m innhiniohisto-. 
chemicel etainlDS? as fihown In Table 2. 
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C^. C Wottnrn bkttiBC nAMa «xtti£l^ *rbm hm 

atr^te mi mo«nfr«tMl wUh ittmo&flprw^piitidaDa with ui Aqlt> 
hDAF inAb CnHjft) tx^ H«l7*ed t7 Wvrtm U9t4nff 
hBAF 11^ VIZU7 (basa 51 4) OV ^ oonttblfaTdmBt 
to A). Luw 1 ud E, Bi6to4vd*r iiiulc«n< Xa« B ud Dul 

t^iM* 4 MM 6h humtta FRBCk M a p9«tttv« CftnnL 

Pt^viiOtui reports euggested that the mirfaea ttpres' 
eio& of hDAFt Imt not hMCP} on humaa ^^^It is 
tipragiUated under inflamznatoxy fioaditione ixk vxtny 
(Mbwtii et «L, 1909). Wq inv^fa^ated wh«th«r hDAF 
exprefifiSon ia vpi^iU^ted in our tranfigeni^ pigs -with 
cTtoUnos tinat odet at sita^ of inflaynmatiOiL Hia 
(Ttokim Btizaulation Induced a two^i^ld inoroafle of 
thd hDAF ezprosslon in the human as oipectod, 
whereea it had no affect on hDAF ezpnsssian in the 
transganic pi^ oella, auggeatijig that the pMOP gena 
may mthff^ a feadback mechaxusza tiiat reaponda to 
i^e aiuauUtion cl cytokl2iaa ar i&flBzzmuit^ 
intfly.ibo levels cfhPAT on the flfchnulatedhoia^ 
'were ooxt^Arahla to those of tiia TefiftiAlt transgenic pig 
calls (Fig. 6}. 

Human islet cella aiqprBaa hCD59, hut not hMCP or 
hDAF. On tho oontrazya ponnne ial Btt cells esprasa hoth 
pCD52 and pMCP- Previous axamination showed tbat 



pancreadc lalat eeila from the hDAF trfinagenic pigs 
produced with hDAF minigmifi loFreaeed no or mar- 
ginal amounts Cf hDAF (Bennet et sL, 2000). We are 
conduetis^ fixcthar ezamioatlona to detarmixic ths level 
of hDAF eipree&ed in islet csells from the tranogomc 
inge produced in this study. 

PrvTioos studies suggeeted that ths gaxxetlc modifica- 
tions with gvms of oonq>l«nent regulatoxy factors are 
effective in prevantiJig HAB^ but not AVR in pig-to- 
primate trsnqplsntatbon (SchmoedEal et bL, 1999). For 
IXteventing AVB^ in addition to control of OOzt^Ismaxt 
novation, reduction ef xanoantigenf such ac a-Gal in 
pig organs would be neoessoiy. Bacendy, we have 
produced tr an sgeni c pdig Ihiea eq^csain^ a g^jrcoeiyl- 
trantfisnse; human P^xnaimoaide ^l«4'-Maioel;^^- 
ooEamh^^trsnsfosse III (OnT-DD. Xenoantigons in 
the QnT-m trasiegenic pigs were zemod^ed and tbsir 
cells resisted egainat both aimplemant- end natiik'al 
killer eeU-ttiediated pi£ cell ^TsiB (Ml^agawa et aL, 
2001X We plan to produce transgenic pigs ezpreesiDg 
both hDAF and GnT-m hy crossing the transgenic pig 
lizMS. 5uch tronagenic pigs would ooutribute to an 
inqmrvfsnisnt of the dODOT |^ for ttnotrsnsplgnCatlon * 

Another prohlekn in jEenotnuogrpIantation using pigs 
is a risk of Infection with pordne endogenous rrtit)- 
vimses (PERVs) to tlie human recipients CPAtlenoe 
et sl^ 1997). As thoy ere prepsttt in a hi^ cppy number 
In pig genozoei, it msy be dlGBeuh to eliminatD these 
proviruses by svailabla genetic technologies, HcTw^ver, 
there is no evidence thai patients who have ever been 
transpLantod with jrfg organs sre infected with FBBVs 
^firadis et aL, 1999). Theitfore, fbr the time beixi& a 
careRil asssasmant of whether human patimts traatad 
wfth zeno-organsi tiasuas, or cells sre hiiected with 
FEBVs and pose a liak to giher people aboold be 
conducted. If FEIRV^B ste found not to result in clinical 
prohiams in ^e cTgen recipients for maz^ years, the 
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fnm tnzwfUiile ■ndfiftta4niuf«al9pXpi. OiiUtfi«m Koontrgl ptf lad 
tflmt truBBoiie Jiwf«ndpiti cf ]5na or Dia4 UiMi^ Ubd & jifg 

«i«nifiaa4r M« miftiQt Qua eraM ceU«, •? < 0,01. 

benefit of a iuooesoMly $xnproT9d aosDOftreiiflplAAtatlon 
majoatira^ Hio nska of the infecCioii of PEfCVs. 
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ca&ctarproetttBOKOP* OD46}pi^ot«datz«aagaik|itffliMmfroia 
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